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Applications of plant residues and green manures generally improve the properties of soil under conventional
farming system. Therefore, we investigated the improvement of selected soil physical properties, bulk density,
porosity, and water content, soil penetration resistance, and soil microbial biomass carbon (SMBC) content as
affected by different management practices: 1) conventional tillage without rice straw or green manure crop
treatment (TN'T, check plot), 2) no-tillage amended with rice straw (NTRS), 3) no-tillage amended with rye
(NTR), 4) no-tillage amended with Chinese milk vetch (NTCMYV), 5) no-tillage without rice straw or green
manure crop treatment (NTNT), The values of bulk density, porosity, and water content ranged from 1.22 to
1.37 Mg m’, from 48.3 to 54.0%, and from 35.0 to 40.2%, respectively. The management practices might
positively influencethe changes in the selected soil properties, especially in the second experimental year. The
soil penetration resistance and SMBC content were also improved after applying rice straw and green manure
crops as comparing with TN'T. Therefore, applications of the rice straw and green manure crop management
practices under no-tillage system positively influenced soil physical properties and soil microbial activities in
paddy field.
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Introduction

Rice straw is mostly the only organic source available
in most of paddy fields. Incorporation of the remaining
stubble and straw into the soil returns most of the nutrient
and helps to conserve soil properties even though some
problems such as temporary immobilization of nitrogen
(N), significant increase of methane (CH4) emission, and
buildup of disease problem might be happened with the
straw incorporation (Dobermann and Fairhurst, 2002).

Similar to the crop residue (rice straw) application,
green manure crops play very valuable roles in agri-
culture. Green manuring involves the soil incorporation of
any crops, whether originally intended or not, irrespective
of its state of maturity, for purpose of soil improvement.
Major benefits obtained from green manures are addition

Received : December 22. 2009 Accepted : January 6. 2010
*Corresponding author : Phone: +82632702545
Email: jinholee@jbnu.ac.kr

of organic matter to the soil and its other advantageous
impacts such as increase of aggregate that makes well
aerated soil (Mac Rac and Mehuys, 1985; Sullivan, 2003).

In addition, the effects of different tillage systems on
soil chemical, physical, and biological properties have
been discussed over the last several decades. No-tillage is
not a brand new issue. The undisturbed soil under
no-tillage system is closely related to soil strength
(measured commonly by bulk density, soil porosity, and
penetration resistance), water content, microbial biomass,
and soil carbon (C) sequestration (Busscher et al., 1997;
Lampurlanes and Cantero-Martinez, 2003; Wright et al.,
2005). Bulk density is closely related with soil porosity
and penetration resistance, and it also affects field soil
water content. Higher bulk density with lower porosity
decreases soil aeration and water infiltration and
percolation. Besides, the higher bulk density, the greater
penetration resistance, which is restricting plant root
growth (Cassel, 1982; Lampurlanes and Cantero-
Martinez, 2003). Also, there were several controversial
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reports relating to impacts of different tillage systems on
those soil properties, which were ineffective (Shear and
Moschler, 1969; Blevins et al., 1983) and effective
(Cannell et al., 1980). On the other hand, plant residue and
green manure crop management under no-tillage system
were positively affected to the content of soil organic
matter and microbial community dynamics including C
sequestration even though it depends on soil type,
management practice system, cropping sequence, and
climate (Follett and Peterson, 1988; Paustian et al., 1997,
Wright et al., 2005).

No-till planting systems can improve soil conservation,
soil moisture retention, organic matter conservation, and
weed control. Also, the system may have some additional
advantages, which include reduced number of machine
passes over the field, less fuel consumption, shortened
field time during tillage operations (Juergens et al., 2004),
reduced soil loss due to better aggregate stability, and the
protective effect of crop residues left over the soil (Dabney
et al, 2004).

Therefore, the objective of thisstudy was to investigate
impacts of rice straw and green manure crops, rye, and
Chinese milk vetch, applications on selected soil
properties, bulk density, porosity, and water content, soil
penetration resistance, and microbial biomass C content in
paddy field under different tillage systems.

Materials and Methods
Experimental site description  This study was
conducted at the rice paddy fields in Sacheon,
Gyeongsangnam-do, Korea, from May 2005 through
October 2006. The experimental fields were located at
35°06'33"N latitude and 128°07'07"E longitude. Annual
average temperature and precipitation in the study area
were 13.5C and 1,394 mm, respectively, during the
experimental period. Soil in the study sites was Juggog
series (silty clay loam: 12.8% sand, 56.0% silt and 31.2%
clay) that classified fine-silty mixed, mesic Fluvaquentic
Eutrudepts. Selected soil chemical properties in the
experimental sites ranged 5.6~5.7 for soil pH (1:5),
0.16~0.20 dS m" for electrical conductivity (EC),
14.3~14.8 g kg for soil organic matter (SOM) content,
2425 mg kg' for available phosphorus (P,Os)
concentration, 0.12~0.17, 4.9~54, 1.8~2.0, and
0.09~0.13 cmol, kg'] for exchangeable K, Ca2+, Mg2+,
and Na' concentrations, 1.0~5.1 mg kg" for NH,-N

content, and 113~176 mg kg™ for available SiO, content,
respectively.

Experimental plots prepared with the applications of
green manure crop under different tillage systems were 1)
conventional tillage without rice straw or green manure
crop treatment (TNT, check plot), 2) no-tillage amended
with rice straw (NTRS), 3) no-tillage amended with rye
(NTR), 4) no-tillage amended with Chinese milk vetch
(NTCMV), 5) no-tillage without rice straw or green
manure crop treatment (NTNT), and the size of each
experimental plot was 200 m’ (20 m x 10 m), and all
experiments were conducted by a randomized complete
block design with three replications. The experimental
plots were submerged from June to the middle of July, and
from August to the middle of September of the study years.

Determination of selected nutritional chemicals in
rice straw and green manure crops Green manure
crops were annually seeding in the late of September and
maintained until next May. The quantity of seeds sown
was 30 kg ha™ for Chinese milk vetch and 80 kg ha™ for
rye, respectively. Rice straw after harvestwas chopped
into 10 cm lengths and spread on the soil surface. The
samples of green manure crop, rice straw, and dominant
weeds grown in untreated plot were collected before
submerging the experimental fields, washed with tap
water, and then rinsed with deionized water. The samples
were dried in an air-forced drying oven at 70°C for 72 hrs
and weighed. The dried plant samples were ground using a
grinding mill (RM100 Mortar Grinder, Retsch, Germany).
Selected nutritional chemicals were determined using
methods proposed by Rural Development Administration
(RDA), Korea (2000). The results were presented in our
precious research outcome (Lee et al., 2009), which is
shown in Table 1.

Determination of selected properties of soil Bulk
density was determined by using a soil core method
(Blake and Hartge, 1986a). Three replications of the core
samples were taken from each plot between 5 and 10 cm
depths. We removed upper 5 cm of soils and then prepared
clean soil surfaces using a knife. The core cylinders, 100
cm’ in volume, were placed and hammered into the soil
layer until the top edge of the samplers was completely put
in the soil surfaces. The core samples were dug out with
taking care not to damage them. Both ends of the core
cylinders were closed with caps and placed in polye-
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Table 1. The concentrations of selected nutritional chemicals in green manure crops/plants applied in the no-till paddy

experimental fields.

Exp. year Exp. plot Green manure applied Dry weight T-N SiO, P,0Os KO CaO  MgO C:N ratio
kg ha''

2005 Plot 1  Check - - - - - - - -
Plot 2 Rice straw 6,120 43 523 12 18 12 16 125
Plot 3  Rye 5,150 53 60 23 78 7 4 93
Plot 4  Chinese milk vetch 6,810 139 41 42 210 59 28 45
Plot 5 No treatment (weeds) 2,540 24 64 17 52 5 4 99

2006 Plot 1  Check - - - - - - - -
Plot 2  Rice straw 2,910 15 232 4 6 16 2 77
Plot 3  Rye 3,790 18 46 12 73 9 92
Plot 4  Chinese milk vetch 7,330 123 43 54 241 67 27 25
Plot 5 No treatment (weeds) 1,530 11 38 6 28 4 3 59

thylene bags after tightening them thoroughly. After
transporting to the laboratory, the cores were weighed and
oven-dried at 105°C for 24 hrs and then the dried samples
were reweighed. Also, their diameters and lengths were
measured to determine the bulk density and water content
of the soil as well. In addition, soil particle density was
determined by the Pycnometer method (Blake and Hartge,
1986b) to estimate soil porosity.

Soil porosity was determined from the results of soil
bulk density and particle density using a following
equation: P = (1 - py/p,) x 100, where P is the soil porosity
(%), ps is the soil bulk density (Mg m™) and pp is the soil
particle density (Mg m™). The water content was
calculated from the mass of water in the soil sample using
a following equation: W = (mass of wetting soil — mass of
drying soil)/core volume x 100, where W is water content
(%).

Penetration resistance of soil was expressed as a force
divided by the vertical projection of the cone area. It was
measured at each soil surface by using a hand-driven cone
penetrometer (Eijkelkamp, The Netherlands) installed
with1.0 cm” of conical point in area, which draws a graph
of the resistance to penetration versus depth to a depth of
40 cm. The measurement was conducted after harvesting
rice in paddy field.

Measurement of soil microbial biomass carbon (C)
Amount of soil microbial biomass C was measured by the

chloroform fumigation-extraction method (Vance et al.,
1987). Soil samples were fumigated with ethanol-free
chloroform at 25°C for 24 hrs, and the organic C was
extracted from unfumigated and fumigated samples with
0.05 M K,SOj4 solution. The values of microbial biomass
C (SMBC) was calculated from the equation as follows:
SMBC =2.64 x Ec, where Ec is refers to the difference in
extractable organic between the fumigated and unfumi-
gated treatment, and 2.64 is the proportionality factor of
SMBC released by fumigation extraction.

Statistical analyses Statistical analyses were con-
ducted using SAS software (SAS Institute, 1995). The
results of each parameter in all five applications were
subjected to analysis of variance, and treatment means
were compared by Duncan’s multiple range test (DMRT)
at the 5% probability level.

Results and Discussion

Selected soil physical properties, bulk density, water
content, and porosity, in the experimental plots as affected
by the applications of green manure crops under different
tillage systems are presented in Table 2. The values of
bulk density in the experimental plots ranged from 1.22 to
1.37 Mg m’ in 2005 and from 1.24 to 1.35 Mg m’ in 2006.
The bulk density values in 2005 were the highest in the
conventional tillage plot without rice straw or green
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Table 2. Selected physical properties of soils in the experimental paddy plots.

Exp. Plot Management practiceT Bulk density (Mg m’) Porosity (%) Water content (%)
2005 2006 2005 2006 2005 2006
Plot 1 TNT (Check) 1.37a" 1.34a 48.3b 49.3b 35.7a 35.0b
Plot 2 NTRS 1.28ab 1.33a 51.6ab 50.0b 36.0a 36.5b
Plot 3 NTR 1.22b 1.24b 54.0a 53.2a 35.6a 39.2a
Plot 4 NTCMV 1.28ab 1.29ab 51.8ab 51.3ab 36.7a 39.2a
Plot 5 NTNT 1.29ab 1.35a 51.3ab 49.0b 36.4a 40.2a

"INT: tillage with no treatment (conventional farming practice, check plot), NTRS:no-tillage amended with rice straw,
NTR: no-tillage amended with rye, NTCMV: no-tillage amended with Chinese milk vetch, NTNT: no-tillage with no

treatment.

*Values within a column followed by the same letter are not significantly different at 5% level by DMRT.

manure crop treatment (TNT) and the lowest in the plot
under no-tillage system amended with rye (NTR), even
though the values might not be statistically different
among the study plots, except in the plots applied with rye
under no-tillage system. The values of soil bulk density in
2006 showed similar trend to those in 2005; however, the
value markedly increased in the plot under no-tillage
system without rice straw or green manure crop treatment
(NTNT). As comparison of the bulk density values
between the study years, despite the applications of
management practices, they slightly decreased, except in
TNT plot. Those results indicate that no-tillage amended
with rice residue and green manures would decrease soil
compaction, but it may not be very effective in the
shot-term management practice period.

In relation to soil compaction, soil porosity was also
determined in the experimental plots because the soil
porosity is inversely related to soil bulk density. The
values of soil porosity in the experimental plots ranged
between 48.3 and 54.0% in 2005 and between 49.0 and
53.2% in 2006, and they might not be also significantly
different among the plots, except in TNT and NTR plots,
which were the highest in the NTR plot and the lowest in
the TNT plot. As relating to the bulk density and soil
porosity, soil water content was also measured. The water
contents ranged from 35.6 to 36.7% in 2005 and from 35.0
to 40.2% in 2006. The values of water contents were not
different among the different management plots in each
year, but the values in 2006 increased approximately 3%
more in the no-till plots amended with rice straw (NTRS),
with Chinese milk vetch (NTCMV), and in the NTR plot.
Generally, 1% of water content is equal to 12 t ha™ of soil
surface water (up to 10 cm in depth). Therefore, no-tillage

systems with rice straw or green manure crop treatments
saved about 36 t ha. The similar results were reported by
Drury et al. (1999), which were no-tillage systems with
green manures increased soil water availability.

Thus, our results of bulk density, soil porosity, and
water content indicate that soils in the TNT plot tended to
be more compacted than in other plots. However, impacts
of different tillage systems on bulk density and porosity
related to soil compaction were controversial. Gantzer and
Blake (1978) reported that bulk density increased in the
surface of no-till soil and air-filled porosity was lowered.
Also several scientists reported that the bulk density
increased in the surface 15 cm of direct-drilled soil as
comparing with that in soils plowed (Pidgeon and Soanev,
1977 Ellis et al., 1979; Cannell et al., 1980). In contrast,
Shear and Moschler (1969) found no difference in bulk
density values between no-tillage and conventional tillage
systems. Also, there was no difference in bulk density
values after applying various tillage systems for 7 to 10
years, (Costamagna et al., 1982; Blevins et al., 1983).
Furthermore, the bulk density even decreased under
no-tillage system (Moran et al., 1988; Crovetto, 1998),
especially when an increase in organic matter was
observed in the first layer of the soil (Crovetto, 1998).
Therefore, the bulk density and porosity of soil are
probably dependent upon regional factors, such as soil
types and conditions, climate, and specific management
practices applied.

Soil penetration resistances as affected by the
applications of management practices in 2005 and 2006
are presented in Fig. 1 and 2, respectively. They show
clear differences in the penetration resistance among the
different management practices and between the study
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Fig. 1. Change of soil penetration resistance in 2005 as influenced by the applications of rice straw and green manure
crops under different tillage systems. TNT: tillage with no treatment (conventional farming practice, check plot), NTRS:
no-tillage amended with rice straw, NTR: no-tillage amended with rye, NTCMYV: no-tillage amended with Chinese milk

vetch, NTNT: no-tillage with no treatment.
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Fig. 2. Change of soil penetration resistance in 2006 as influenced by the applications of rice straw and green manure
crops under different tillage systems. TNT: tillage with no treatment (conventional farming practice, check plot), NTRS:
no-tillage amended with rice straw, NTR: no-tillage amended with rye, NTCMV: no-tillage amended with Chinese milk

vetch, NTNT: no-tillage with no treatment.

years. The soil penetration resistance drastically increased
at two depth areas, from 0 to 5 cm and from 15 to 25 cmin
depth) in both study years. However, the value and order
of soil penetration resistances were greatly different
among the study plots in each year, especially at depth of 5
to 15 cm and 25 to 40 cm. In 2005, the soil penetration
resistances in the experimental plots were in order of
NTNT >>TNR >>NTCMV >TNT > NTRS at depth of 5
to 15 cm and in order of NTR = TNT > NTRS = NTNT
NTCMYV at depth of 25 to 40 cm. In 2006, the penetration
resistances were in order of TNT >> NTNT = NTCMV
>>NTRS >> NTR at depth of 5 to 15 cm and in order of
TNT = NTNT >NTCMV >NTRS = NTR at depth of 25
to 40 cm. These results indicated that the management

practices might not affect soil strength in the first
experimental year, but from the second year the soil
strength was considerably influenced by the applications
of rice straw and green manure crop practices under
no-tillage system at the top 20 cm depth as well as even at
deeper soils. Karamanos et al. (2004) also reported similar
results, which was that reducing tillage practice decreased
soil penetration resistance in upland soil.

Soil microbial biomass carbon (SMBC) as affected by
the applications of management practices in 2005 and
2006 are presented in Fig. 3 and 4, respectively. The
SMBC contents in the plots were varied with the different
management practices and different seasons in the both
study years. The SMBC content in the plots was generally
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Fig. 3. Change of soil microbial biomass C contents in 2005 as influenced by the applications of rice straw and green
manure crops under different tillage systems. TNT: tillage with no treatment (conventional farming practice, check plot),
NTRS: no-tillage amended with rice straw, NTR: no-tillage amended with rye, NTCMV: no-tillage amended with
Chinese milk vetch, NTNT: no-tillage with no treatment. The variation represents standard eror (7=3).
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Fig. 4. Change of soil microbial biomass C contents in 2006 as influenced by the applications of rice straw and green
manure crops under different tillage systems. TNT: tillage with no treatment (conventional farming practice, check plot),
NTRS: no-tillage amended with rice straw, NTR: no-tillage amended with rye, NTCMV: no-tillage amended with
Chinese milk vetch, NTNT: no-tillage with no treatment. The variationbar represents standard enor (#=3).

reduced with the lapse of time (from May through
October) in 2005, whereas it gradually increased with
time, except in August, in 2006, even though overall
SMBC content was higher in 2005 than in 2006, especially
in the plots with the applications of rice straw and green
manure cropsunder no-tillage systems. However, the
SMBC content was the lowest in August of each
experimental year. This result was probably caused by
decreasing microbial population due to submerged
conditions in the paddy plots. In 2005, anyhow, the SMBC
contents in the plots were in order of NTCMV >NTRS =
NTR = NTNT > TNT until August, and after August,
they were the highest in the NTR plot and followed in
order of NTNT = NTCMV = NTRS = TNT. In particular,

the highest SMBC content in the NTCMV plot might be
caused by low C/N ratio of Chinese milk vetch (Table 1).
Smith and Paul (1990) reported that increases in easily
decomposable organic C observed in soils after addition of
Chinese milk vetch with a moderate C/N ratio likely
contributed to the enhanced SMBC and microbial activity.
Also, high SMBC often lead to high nutrient availability to
crops (Wang et al., 2004), through enhancing both the
microbial biomass turnover and the degradation of
non-microbial organic materials. On the other hand, the
SMBC contents were in order of NTRS = NTCMV =
NTR = NTNT > TNT until August, and then in order of
NTR = NTCMV > NTNT = NTRS > TNT from August
through October in 2006. They were also higher in the
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plots with the applications of rice straw and green manure
crop under no-tillage systems as comparing with those in
the TNT plot. These results indicated that applications of
the rice straw and green manure crop management
practices positively influenced soil physical properties
and soil microbial activities in no-till paddy fields.

Conclusions

Applications of rice straw and green manure crops
might influence bulk density, porosity, and water content
in paddy field under no-tillage system; especially these
practices was affected to improve the selected physical
properties of soils in the second study year. However, soil
penetration resistance and soil microbial biomass carbon
(SMBC) content in the paddy field were greatly
influenced by the different management practices. The
soil penetration resistances were mostly higher in the
tillage without rice straw or green manure crop treatment
(TNT) plot but lower in the no-tillage amended with rice
straw, rye, and Chinese milk vetch treatment (NTRS,
NTR, and NTCMV) plots. Also, the SMBC contents were
much greater in the management practice plots than in the
TNT plot. Therefore, the management practices with rice
straw and green manure crop applications improved the
physical and biological properties of soils in paddy fields.
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